Studies were carried out to determine the cause of death in a prematurely born Thoroughbred foal that died 24 hours after birth. Necropsy revealed gross lesions suggestive of septicemia. A commercial Leptospira polymerase chain reaction (PCR) assay designed to specifically amplify the hemolysis-associated protein 1 (hap1) gene present only in pathogenic Leptospira strains detected the presence of Leptospira DNA in various tissues of the foal. Histologic examination of lung, liver, kidney, and myocardium revealed numerous spirochetes in Warthin-Starry-stained tissue sections. Results of PCR analysis and histologic examination suggested a leptospiral infection in the newborn foal. At the moment of death, the infection coexisted with a streptococcal-associated aspiration bronchopneumonia and postpartum septicemia. These findings indicate that the PCR assay based on the amplification of the hap1 gene represents a useful tool for specific detection of pathogenic leptospira in field samples taken from horses.
Leptospirosis, a worldwide zoonotic disease caused by pathogenic species of Leptospira, is considered as a reemerging disease in humans and animals. Members of the genus Leptospira are now classified into several genomospecies (i.e., Leptospira kirshneri or borgpeterseni), but were formerly classified on the basis of serologic properties, which divided them into 2 species: Leptospira interrogans sensu lato and Leptospira biflexa sensu lato. 13 Serologic surveys performed in several countries indicated that leptospiral infections are common in horses. The most frequently recognized clinical manifestations of leptospirosis in horses are recurrent uveitis and periodic ophthalmia, 13 but Leptospira spp. can also be associated with cases of abortion, stillbirth, and neonatal death. [5] [6] [7] [8] 10, 13, 14 Reports from Kentucky (USA) 5, 6, 8 indicate that the prevalence of Leptospira-induced abortions or stillbirths in horse populations ranged from 2.5 6 to 4.4% 5 between 1989 and 1993 . In most studies, diagnosis is based on serologic testing using the microscopic agglutination test (MAT) or fluorescent antibody test (FAT), but rarely is confirmed by culturing. 5, 6 However, it should be underlined that serologic diagnosis cannot always result in diagnostic certainty since antibodies to Leptospira spp. are highly prevalent in normal mare's serum, 7 and only high titer would allow leptospirosis suspicion in aborting mares. Diagnostic certainty is provided by use of culture and direct immunofluorescence. However, Leptospira spp. are fastidious microorganisms and grow slowly in culture. Culture is also costly and time consuming. For immunofluorescence assays, tissues must be fresh and preserved in good condition from necropsy to analysis. Finally, dark-field microscopy and a UV microscope are required to perform these 2 techniques.
Polymerase chain reaction (PCR) analysis is increasingly used for the diagnosis of infectious diseases caused by fastidious microorganisms. Initially several PCR techniques were developed to detect isolates belonging to the Leptospira genus 1, 11, 15 in clinical samples (urine, cerebrospinal fluid, blood, or tissues) from animals (cattle, mice, and dogs) or humans. However, those techniques do not allow distinction between pathogenic and saprophytic isolates of Leptospira. Therefore, efforts have been made to design primer sets for the specific PCR amplification of DNA sequences (genes encoding 16S rRNA, 23S rRNA and hemolysis-associated protein 1 (hap1) from pathogenic Leptospira spp. 9, 14, 16, 17, 19, 20 Recently, the hap1 gene was proposed as a PCR target to distinguish between pathogenic and saprophytic Leptospira spp. 3 The usefulness of this test was documented using reference strains, samples spiked with Leptospira spp., and tissues collected from experimentally infected dogs. 3 We report the successful use of this PCR technique to detect pathogenic Leptospira spp. in equine frozen tissues in a case of premature birth.
A 45-kg Thoroughbred colt was born at 300 days' gestation; parturition was considered normal. Information was not available from the breeder about the placenta. Shortly after birth, the foal appeared weak, with a diminished suckle reflex. Twelve hours later, the foal became recumbent and developed labored breathing, dyspnea, prolonged capillary refill time, and congested mucous membranes. The foal died at 24 hours of age, and the body was submitted for routine necropsy to the Equine Pathology Laboratory (AFSSA-Dozulé, France).
A previously described, standard protocol, 4 was used to examine the premature foal. Samples of lung, liver, kidney, thymus, spleen, brain, and myocardium were collected for routine bacteriologic culture, virologic analysis, or DNA extraction and subsequent leptospiral detection by use of PCR analysis. Tissues were preserved frozen at 280uC. Unfortunately, the fetal membranes were not available for examination. The main gross lesions recorded during necropsy were emaciation, generalized congestion, and jaundice, and consolidation of the cranioventral parts of lung parenchyma associated with multifocal areas of intense congestion. Culture of lung, liver, and kidney on sheep blood agar yielded hemolytic colonies that were identified as Streptococcus zooepidemicus. At that moment of the investigation, it was suggested that the foal died from aspiration bronchopneumonia complicated by S. zooepidemicus-induced septicemia.
For virologic examination, a segment of the gene encoding glycoprotein B of equine herpesvirus 1, was amplified by use PCR analysis with nucleic acid extracted from lung and liver, as described 12 ; RNA was extracted from thymus and lung and was used to detect the equine arteritis virus by use of reverse transcriptase (RT)-PCR analysis, as described. 2 Samples of lung and liver were negative for equine herpes virus 1, and samples of thymus and lung were negative for viral arteritis as well.
The DNA was extracted from fetal lung, liver, kidney, spleen, brain, myocardium, and thymus (30 mg of each tissue) using the QIAamp DNA mini kit. a Briefly, this method included 3 steps: lysis of the tissues with Qiagen proteinase K, purification on QIAamp spin columns in a standard microcentrifuge, and elution of concentrated DNA from the QIAamp spin columns. The DNA samples were stored at 220uC until use. For detection of leptospiral DNA, 3 PCR assays targeting hap1, 3 rrl (23S rRNA), and rrs (16S rRNA) 16 were performed on each DNA extract from the premature foal tissues. Characteristics of the 3 PCR assays are summarized in Table 1 . The amplification was carried out in a total volume of 50 ml. All amplifications were done using GeneAmp PCR system 9700. b The hap1 PCR assay was intended to amplify a 262-bp fragment from pathogenic leptospiral DNA using previously described genus-specific primers. 3 The primers were designed within the hap1 gene, which is present only in pathogenic Leptospira strains. Two microliters of DNA extract was mixed with 48 ml of a PCR reagent. c The reaction mixtures were incubated for 5 minutes at 94uC, then were subjected to 45 cycles of denaturation for 15 seconds at 94uC, annealing for 35 seconds at 56uC, and extension for 40 seconds at 72uC. The final extension step was for 10 minutes at 72uC. An internal control that yielded a 704-bp PCR product was included in each reaction. The primers for the internal control are a confidential part of the commercially available kit. 3 The 23S rRNA PCR assay was done to amplify a 482-bp fragment from leptospiral DNA using previously described genus-specific primers. 20 These primers were designed within the rrl gene encoding 23S rRNA, and were expected to amplify leptospiral DNA without any distinction between saprophytic and pathogenic strains. Reactions were performed in a PCR buffer with MgCl 2 at 1.5 mM, 0.2 mM each deoxynucleoside triphosphate (dATP, dTTP, dGTP and dUTP), 0.2 mM each primer, and 1.0 U of Platinum Taq DNA polymerase. d The reaction mixtures were incubated for 5 minutes at 95uC, then were subjected to 40 cycles of denaturation for 30 seconds at 94uC, annealing for 1 minute at 57uC, and extension for 2 minutes at 72uC. The final extension step was for 10 minutes at 72uC.
The 16S rRNA PCR assay was done to amplify a 240-bp fragment from saprophytic Leptospira sp., using previously described specific primers. 16 These primers were designed within the rrs gene encoding 16S rRNA and were expected to amplify saprophytic leptospiral DNA. Reactions were performed in 13 Z-Taq buffer, e 0.2 mM each deoxynucleoside triphosphate, 0.5 mM each primer, and 1.25 U of TaKaRa Z-Taq DNA polymerase. e The reaction mixtures were incubated for 2 minutes at 98uC, then were subjected to 40 cycles of denaturation for 15 seconds at 98uC, annealing for 30 seconds at 63uC, and extension for 30 seconds at 72uC. The final extension step was for 2 minutes at 72uC.
The amplified products were analyzed by 2% agarose gel electrophoresis, and their size was estimated by comparison with molecular weight markers run in parallel. Visualization was performed under UV transillumination after soaking the gels in ethidium bromide.
The results obtained for the hap1 PCR assay (specific for pathogenic strains of Leptospira), 23S rRNA PCR assay (for strains belonging to the genus Leptospira), and 16S rRNA PCR assay (specific of saprophytic strains of Leptospira) are shown in Figure 1 . The hap1 PCR assay yielded a product of the expected size (262 bp) from DNA extracted from the foal's tissues as well as from pathogenic L. interrogans serovar pomona, but not from a saprophytic strain of L. biflexa (Fig. 1A) , indicating that the premature foal's tissues contained DNA from a pathogenic Leptospira sp. The 704-bp band (internal control) was present in each sample except in the myocardium extract. This result suggests that leptospiral DNA was abundantly present in this sample since the copy number of the internal control is low and competes with the high amounts of bacterial DNA. The 23S rRNA PCR assay yielded a product of the expected size (482 bp) from the foal's tissues, the reference pathogenic strain of Leptospira, and the saprophytic strain (Fig. 1B, lanes 1-9) , confirming the presence of bacteria belonging to the Leptospira genus in the tested specimens. The 16S rRNA PCR assay produced a positive PCR signal only for the saprophytic Leptospira strain used as a control (Fig. 1C ). This result was consistent with that obtained by use of the hap1 PCR assay.
Taken together, the results from the 3 PCR assays confirmed that the premature foal's tissues contained one (or several) pathogenic strain(s) of Leptospira. To identify the Leptospira strain, 1 cm 3 of kidney and myocardium were cultured, as previously described. 3 The isolation was unsuccessful because of heavy contamination of the tissues. Sections of lung, liver, kidney, and myocardium were stained by use of the Warthin-Starry technique to visualize spirochetes. Large numbers of spirochetes were seen in silver-stained sections, particularly in the interstitium and tubular lumens of the kidney (Fig. 2) .
To the authors' knowledge, this case report documents, for the first time in France, the presence of pathogenic Leptospira spp. in tissues of an equine neonate. These results, as well as a recent report on detection of DNA sequences specific for L. kirschneri (a genomospecies belonging to the pathogenic L. interrogans s. l. species) in tissues of a prematurely born foal using a 16S rRNA PCR technique, 18 emphasize the usefulness of PCR techniques for the diagnosis of abortion causes in mares. In the study reported here, histologic analysis by specific staining on kidney sections confirmed the presence of numerous bacteria. Also, results of the specific PCR assay were positive for all foal tissues.
Necropsy and histologic and bacteriologic examinations revealed the postnatal pathologic processes, including aspiration pneumonia, associated with S. zooepidemicus infection and after septicemia. Because the foal was premature and ill at birth with weakness and loss of suckle reflex, it was considered that leptospiral infection might have been acquired in utero and was the probable cause of premature birth.
The rapid detection of Leptospira spp. at an early stage of the disease may be helpful for therapeutic decision making. However, some primer sets may fail to recognize certain pathogenic strains belonging to particular genomospecies, such as L. kirschneri for example. 9 The PCR method used in this study was based on the hap1 gene, which is present in the 7 genomospecies of pathogenic leptospiras, including L. kirschneri and is absent from the genome of intermediate 3 and saprophytic Leptospira strains. Results of this study also indicated that DNA from pathogenic Leptospira spp. could still be amplified from frozen field equine tissues even after several freeze-thaw cycles. 
